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medi um such as a thin filmmagnetic dISk 10 cooperating wth a
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applicability to high areal’ recordi ng density magnetic recording
medi a desi gned for drive prograns having reduced flying heights, or
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agai nst the su as the disk begins to rotate. Upon
reachi g a incorperaeedrhy neefargnce opexebRal speed, the head floats in
air at a predeterm ned distance fromthe surface of the di sk where

It is nmaintained during reading and recording 25 oper ati ons. Upon

term nating oﬁ%@%ﬁﬂ%ﬁég¢g%ﬁ%gdisk drive, the head again begins to

slide against the sghéacpresent invention relates to a magnetic
recarding medium, particularly a rotatable magnetic
recording medium, such as a thin film magnetic disk

10 cooperating with a magnetic transducer head. The

invention has particular applicability to high areal
recording density magnetic recording media designed for
drive programs having reduced flying heights, or pseudo-
contact/proximity recording.

15 Background Art _
Thin film magnetic recording disks and disk drives

are conventionally employed for storing large amounts of
data in magnetizable form. In operation, a typical
contact start/stop (CSS) method commences when a data
20 transducing head begins to slide against the surface of
the disk as the disk begins to rotate. Upon reaching a
predetermined high rotational speed, the head floats in
air at a predetermined distance from the surface of the
disk where it is maintained during reading and recording
25 operations. Upon terminating operation of the disk
drive, the head again begins to slide against the surface
of the disk and eventually stops in contact with and
pressing against the disk. Each time the head and disk
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of the disk and eventually stops in contact with and pressing
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driven, the sliding surface of the head% repeats the cyclic operation
consi sting of stopping, sliding gai nst the surface of the disk,
floating in th

slidi the surface of the.disk and 5
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associ at ed tgangoycer head. However, if the head surface and the

recordi ng surface are too flat, the precision match of these
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textlF ed surdlamm®¢h¢1§t§¢msmpaﬁadi stepping phaee.electhenoebsbeca@m antially

replicated iyt IE% the he%('psﬁﬂaeriléébrcﬁ S!sﬁf ach@yeresventu;ﬂl%/ surface
of an under| ayer can al so be textur texture
leading to what 1s referred to as a "head crash." Thus,

there are competing goals of reduced head/disk friction
and minimum transducer flying height.

20 Conventional practices for addressing these apparent
competing objectives involve providing a magnetic disk
with a roughened recording surface to- reduce the
head/disk friction by techniques generally referred to as
"texturing." Conventional texturing techniques involve

25 mechanical polishing or laser texturing the surface of a
disk substrate to provide a texture thereon prior to
subsequent deposition of layers, such as an underlayer,
a magnetic layer, a protective overcoat, and a lubricant
topcoat, wherein the textured surface on the substrate is

30. intended to be substantially replicated in the
subsequently deposited 1layers. The surface of an
underlayer can also be textured, and the texture
substantially replicated in subsequently deposited
layers. .

35 A typical longitudinal recording medium is depicted
in Fig. 1 and comprises a substrate 10, typically an
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conprlses a perfluoro polyether (PFPE) wh
20 surface.

In accordance with conventional practices, a
lubricant topcoat is uniformly applied over the
protective overcoat to prevent wear between the disk and
head interface during drive operation. Excessive wear of

25 the protective overcoat increases friction between the
head and disk, thereby causing catastrophic drive
failure. Excess lubricant at the head-disk interface
causes high stiction between the head and disk. If
stiction is excessive, the drive cannot start and

30 catastrophic failure occurs. Accordingly, the lubricant
thickness must be optimized for stiction and friction.

A conventional material employed for the lubricant
topcoat comprises a perfluoro polyether (PFPE) which
consists essentially of carbon, fluorine and oxygen

35 atoms. The lubricant is usually dissolved in an organic
solvent applied and bonded to the carbon overcoat of the
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There are variou on, Sone o ’ have "beeh
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recesdi ng npdi-BBymaHER .t YPEH Ofaddition Caaﬁen}ebashgdgehmﬁﬁgeaéésﬂ car bon,

graphitic carbon _or graphite and carbon nitri ese _types of
carbon are recordigg) | ??Eﬁﬁylr?Qqua 1argesRapardtde, Magnesee f@ifRSherein in

30 greafeQﬂiﬂe|1ncr§§§1n§Q %&&EEEQ,ﬂlylnd*ﬁﬁﬂgﬁﬁsfﬂlae , the
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the disk in the CSS drive (head-disk interface). For
20 conventional media design, a decrease in the head to
media spacing increases stiction and drive crash, thereby
imposing an indispensable role on the carbon-protective
overcoat.
There are various types of carbon, some of which
25 have been employed for a protective overcoat in
manufacturing a magnetic recording medium. Such types of
carbon include hydrogenated carbon, graphitic carbon or
graphite and carbon nitride. These types of carbon are
well known in the art and, hence, not set forth herein in -
30 great detail. See, for example, L.J. Huang et al.,
"Structure of Nitrogenated Carbon Overcoats on Thin Film
Hard Disks," IEEE Transaction on Magnetics, Vol. 33,
1997; L.J. Huang et al., "Characterization of the head-
disk interface for proximity recording, " IEEE Transaction
35 on Magnetics, 1997, Vol. 33, pp. 3112-3114; and Tsai et
al., "Character Review Characterization of diamondlike
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20 gap states than hydrogenated carbon and, hence, a higher

conductivity. In addition, amorphous carbon nitride

contains more dangling bonds than hydrogenated carbon,
which dangling bonds promote interactions between
lubricant and carbon and, hence, enable the application

25 of a thicker bonded lubricant topcoat. Graphitic carbon
or graphite contains substantially no hydrogen and
nitrogen and has less band-gap states vis-a-vis
nitrogenated carbon but more band-gap states than
hydrogenated carbon.

30 The drive for high areal recording density and,
consequently, reduced flying heights, challenges the
limitations of conventional practices in manufacturing a
magnetic recording medium containing a carbon protective
overcoat. For example, a suitable protective overcoat

35 must be capable of preventing corrosion of the underlying

magnetic layer, which is an electrochemical phenomenon




R e it o] . - R ke e ST . e e

limtations of conventional practices in manufacturing a magnet I C

recordi ng nedium containing a carbon protective over coat .

exanpl e, a ¥@PY%9P% protective overcoat 35 nust be capatﬂq’lbsﬁmsnl
preventing corrosion of the underlying magnetic | ayer, which is an
el ectrochem cal phenonenon v 99/ 03099

PCT/ US97/ 181 ndent
upon factorsas ﬂd%rslte%?rrlofnan%trﬁrsf ugrl;ldFF env1ronmeﬁtal condlﬁg&qgfty and

t enper at ur e. €1 9- adanni @bty sandiitemperature. Ipr addition, onesgbhabhest

prevent m gr Eb@@c@ivéo&seféeﬁ must pré’@é‘ﬁﬁlﬁ{iﬁﬂ tlzfaﬁréf' .’D&Hs BolpUbr i cant
topcoat and to_the 5 surface of Ic record medl um f or m ng

def ects undexlyingslayees; inks. theﬂ%ﬁ%%@?v’éob%?’éoéﬂ nEat theso

exhi bgt the segpheeter sthé Ryl i 'rfe)éotxﬁl(ﬁ@aﬁbﬁlﬁﬁlnﬁbﬂﬁlng defectfereto of
a |l ubricant togﬁoat in an q%ate t hi cknes rotecti ve overcoat

nust al so exfPbitt 28 ARGt A %‘F‘érc?cr't?’c‘é? BBﬁHEBPFw“E‘%FtTﬁ S3bsence
of conducti vekljilhy the requissisid tsunfatdaaepbamﬁtyoaooénabaséabbﬁdm@rge on
t he surface netl recor di,ng_nedium o _recording
and/ or readi tf'llglejé?t?(c))rés)]g éqﬁ'lb é’PCSS t 2 ﬁgaﬁdﬁ'fﬂéﬁge éhgc}m‘?‘ﬁ?erfaee
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20 Accordingly, there exists a need for a magnetic
recording medium comprising a protective overcoat capable
of satisfying the imposing demands for high areal
recording density and reduced head disk interface. There
also exists a need for a magnetic recording medium having

25 a protective overcoat capable of preventing corrosion of
the undeflying magnetic layer, preventing migration of
ions from underlying layers, providing a suitable surface
polarity for adequate lubricant bonding and exhibiting

suitable conductivity to avoid reading and/or recording
30 erxrors.
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part in the 1bondingegsdi pt ﬁBﬁtﬂﬁﬂghCOPéppé\wltHnd in part will becone

apparent to those ﬂafhﬂahefdbnﬁé&tsgfléhé prdierad tmmrtlon 1s aSxaghnati on
of the follow ng disclos | earned from racti ce of

dirg Semetey
the invention2rea¥hgeepyetng dppsity magfa%ﬁﬂaﬁn%?g%%r%“&r‘f@ Wb VoRSmay be

real izgd and abbébaédtzee ove@@optr liegul &hby pbbuted2gAt suﬁtfalhﬂea}fmnded
cl ai nB.

di to.th t t t.he, f
and ot her obj BEPFs in & aa%FIng(TYO er‘?“‘f}gen ﬁé&ﬁg‘% I(‘:rgenlght el?%%g%gﬁ

medi um conpr i abogtalmitirbapehed car bon- - cont ai ni ng protecti ve
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di fferent electrica aspect” of the
present inventhen izvgntion Wnﬂénebﬁc B@@or@pwghnedhunpémﬁprllg nghe a

non- mggneti c descrﬁ.gf’_'igﬁtr@h?chaanﬂﬁS\wsaYﬂdorhﬁ hed¥an- RRGNEt e cittst r at e;
30 a magneti c: er on_the underlayer; a first rotectlve

overcoat on t REPAKGREL £ CAPEE, haNdng P§@1BP§Ve§'E{P-‘} he gyé&r vo2p

conpri sing hYEkQSQﬁaEQGnC@fb&Ee fﬁﬂlraﬁu&ldmdéeqaaure or m&@rtfeeubﬁ&hean of
about 5 at.%to rarllbo 40 gct: %e g€ t% &1 %ve overcoat an the
first protectE¥8Mo JR¥actheess SetBRapidRect i ORIEB5E @Bfri si ng
a nenber sel eatiedntages off then ifreeqt Do mapn Des tiea] icfedyleaghobtainatdbon and

20 as particularly pointed out in the appended claims.

According to the present invention, the foregoing
and other objects are achieved in part by a magnetic
recording medium comprising a multilayered carbon-
containing protective overcoat, each 1layer having a

25 different surface polarity and a different electrical
conductivity.

Another aspect of the present invention is a
magnetic recording medium comprising: a non-magnetic
substrate; an underlayer on the non-magnetic substrate;

30 a magnetic layer on the underlayer; a first protective
overcoat on the magnetic layer, the first protective
overcoat comprising hydrogenated carbon having a hydrogen
concentration of about 5 at.% to about 40 at.%; a second
protective overcoat on the first protective overcoat, the

35 second protective overcoat comprising a member selected
from the group consisting of graphitic carbon and
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8 s carbon nitride; and a |ubricant topcoat
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are capabl e of

fi n .var i | QUS
wi t hout 1nv%tpla?rf| r%(fén {mhg §ﬁé§ﬁ¥§oggbgg§§}éd?% I kﬁosﬁgﬁ%f% ngs
and descri ptc»ni‘n.rmzeytekbblr épartded aet | fromt £hei \f@LJ@Wlng detpitled, and
not as restr % Jﬁrtlor]'S whereii Eﬁe%ﬁﬂé&ﬂﬁéﬁ@s 3 Pﬁ@"‘ﬁ.ﬂGéntlon are Fig.

1 schematica ust rat es a conventi onal netic recordi ng
medi um descrlbech gsmp;iy byhyﬁﬁtqﬂéeﬂlﬂwsqnawr% Slethebeghgrrde ¢

recording ol ihn] Ak e ROEH daGS inY Ut the iRv8AREIbN20 As wiI‘YQﬁEI on.
Best Mbde for Carryl ng: out, the Inven I on

The resent
i nvention he dpysatien is capaplg &f P&QeSV%Péo‘g%EE%‘Fe%t magnet i c
recofgli ng ﬁ%&ﬁﬁﬂﬁéz@& and Bs evarenal Bethilénesse | eapabman @bout 100A

and 25 ents corrosion of .the underl netic ayer
revents mi RATEICArEPEnotRr BRFAREE: PRV Eajarpects, A1 F thoue ,
sui t abl e surdes®rpDha@riton tHeerewentian.i nccordinghgeqtiaé edteumbhagy of a

| ubri cant topcoat thereto at s_about 5A
to about 10 ,n§n§e§6rlpE18§hF Pt stoa bsew ?%%%gg% éuct h\?‘qﬁ%ﬁzﬁ%ﬂg}v&oﬁl d r eadi ng
and/ or natwre ] mnérnor s3s i restricttinelucti vity of about 10[err] to

15 Brief Description of Drawings
Fig. 1 schematically illustrates a conventional

magnetic recording medium.
Fig. 2 schematically illustrates a magnetic
recording medium in accordance with the present

20 invention.

Best Mode for Carrving out the Invention
The present invention provides a composite
protective overcoat for a magnetic recording medium which
has an overall thickness less than about 100A and
25 prevents corrosion of the underlying magnetic layer,
prevents migration of ions from underlying layers,
exhibits a suitable surface polarity, thereby enabling
adequate bonding of a lubricant topcoat thereto at a
desirable thickness, such as about 5A to about 10ﬁ, and
30 exhibits a suitable conductivity to avoid reading and/or
writing errors, i.e., a conductivity of about 107%Q! to
about 107¢Q71. The inventive composite protective
overcoat comprises a multilayered overcoat of a plurality
of layers of different types of carbon-containing



about- -10[er?‘]999’°3°9?he I nventive conposite protective PCT&%?%%%%

conprises a multilayered overcoat of a plgrality of layers of

di fferent types of carbon-containing WO 99/ 03099
PCT/US97/ 1812 aterials having different propertief. In thif®h&¥! alge having
different properties. In this vvay t he performance of the conposite

protective ov@EFAMENINHEL the compass ity Hﬁp%ﬁﬂ'@é{q RV FRDpriaR LLar bon

materials taxl@ﬂ@d@l tHyg stqsad@bige Cdp}fﬁﬁﬁrat%w&lrb&u material®r
exanpl e, hydro ed calrg)on a uat el revent S corrosion of an
under|yi ng ma J1 terist{iGiation of atons from

und;arl Wi ngI | ayers. Foﬂ-lewampﬂ.e, hydro%ély%kfeggeﬂa&mdx adédgﬁatexyl;bféwﬁerm@r
surface pol ari onda to.an_app ubricant
bocauce bf tn&oRFosion of an vAASE VRS Raskbl bRt RS et cd o
whi ch i s al so ndltaredditaey | @€d aiprsoweron o mgdetil yiing. layers Andiqﬂh@tsrpar bon

ni i de and O3RN AAPAR;BON BkRibigs podPER-BARd gaPasiaLes, Lhan

hydr ogenat ed ¢ ence y but a
favorabl e sumicsse bxmdabllpcmarﬁq VAW atPP]glrﬂﬂatlexbmmlngQ@m aph el

| ubri gant. ass VA AP daNGG M &Qrgane@gﬁgﬂﬁg }ng}fié‘ebgf W

i nvention, a conposite profective overcoat TSing a
| ayer of hydr gk edscaPBsR afbBaxarhpeized by 1°Véﬁﬂ6rm%ta¥‘b¥mfm tride

or graphitic oMdighduy ”EQrBBn291tr1dteh%.rl@Y§faﬁtfut|9i/ér ea%%he%&?ié)m By
- strategically selectlngEln | Vi ayers of different materials,

dependi ng upoMatePANS588P! FE ﬁﬁr%@a%g\yﬁr"@?nattﬁ@ carbon apdertgnee,
conposi te proteggtibie Ohtig(h@&t @@ﬂd@@tiﬁit?reﬂlt a fai‘r@faﬂléfeﬁ@ﬁﬁaégwe

whi | e_red t hi ck f th t
B?S?é?@sve ovBRLEY Wit §28te nanging Fro AR PRIIET, GRBRCH Hrent | on,

magndti c accmmdhnr@ mewli thn | ancoetmbddwinehAta biyethef present

“ydf%‘)ﬁSS?LSSn%‘fﬁ%m b a0t S, BrBBelbRyt 5vakedhh de armpdigd’
hydr ogen. A compotids iowr lbod-ayem efnhydrogenategr caxbonvand ay ekayer tdien
formed on the Jayehdis carbo ﬁff’ﬂ&é‘a&fd?f{f‘%9991ﬁ gﬁg}b%ﬁ & dre %{r(a%{l on

anor phous car bon aving a gen rogen concen
ratio28f theghdaves: sztbyaly@mena@ed ¢arkewt herBErrtﬁctmarleﬁlltme

selecting individual layers of different materials,

depending wupon their specific characteristics, the

inventive composite protective overcoat can be tailored

for different drive programs while reducing the total
25 thickness of the composite protective overcoat.

In an embodiment of the present invention, a
magnetic recording medium is coated with a layer of
hydrogenated carbon, typically containing about 5 at.$% to
about 40 at.% hydrogen, e.g., about 20 at.% hydrogen to

30 about 35 at.% hydrogen. A second carbon-containing
protective layer is then formed on the 1layer of
hydrogenated carbon, such as a layer of amorphous carbon
nitride having a nitrogen:hydrogen concentration ratio of
about 5:20 to about 30:0. In another embodiment of the

35 present invention, a layer of graphitic carbon is formed
on a layer of hydrogenated carbon. Graphitic carbon or




35 present invention, a |layer of graphitic carbon is formed on a

| ayer of hydrogenated carbon. Graphitic carbon or - YWO 99/ 03099
PCT/ US97/ 1349 29’03099 10 PCIUSIF§12E
includes the crystalline allotrope of ¢grbon as wel | as the o
anor phous form characterized by degenerate or | nperfect graphitic

structures. 1t% %ﬂﬂlgicfes ‘Eﬁy rgb/stalllnleyQiféHs %Oc?f Mb&?”&ﬁai n

subst anti al a unt's en _or nitrogen a consequently, there
are less  well ggnghgapmoxphees fgmu &harecg@érrlﬁﬁé@h%?memw% but

nore band- gagserfedtat e§raphapic hygtpdepated. carlegdphitic Jdddgitic
carbon is generally sof er exceéot for spr{err car bon wher ei a hi gh

har dness i s BENiRSd héYhstanhiahy &NqWiF£n
tail@ing thq,-drogen oprniecoysr aud; ceshskbyuenplleyi theser airegiadd y

sel ected é?%r}ﬁ gp pe%acgem 1 al‘gléfe“}e louur%ld t,}i,oCH I{J:aty]:e kﬁf&Ch | ayer

havi ng di ff 1 €es
dangl i ng bomatsge di bfaedegapsurfatetqael ardhares h]ﬂergenatedl ffcamn

el ectrical Gc]o%gm It T B3| soft 4 ihe
resul ting conpasi féeié;;rtgtag‘%{)flvel%v c%a %J S0 :ar rﬁenl r#geg whi ]fag
opti mi zi ng teRrkREyvexginpehdiigh dlaxdness is aglygvyedt | ubri cant,

preveqting corrosprls oftﬁ@epyeseﬁtyhﬁgentlon enlaeqeet it&i1¥8ng 8&;&
preventing m ratl on of 1ons

under | |ng | ayers. An
P rrodimeny Bbtaqlve oditoat Wit Ameipyi Stratbhi iy selarted ri g o
wherei n el erfm;te:mldﬂ matetrdallBoser a plurt;ell(ﬁtyt e itawes};lemh Imgnet i f: As
di I t eqr simlap.reference nunerals.
Croon i nopi J4BAd  eslrene  proflfhige PORL & T GRELLELEE LI 2 ©
si de camreo:langimg dbadsy TrEferent mucfdey gollyitliles amtl a
ic 'ay{%ffféf&& asefegerPééf agbﬂ&ubexsit}és 136 The ovddlff€on, as

|nt e Fig rragnetlcrecor I ng_ne t he magnetic
recordi ng nmeghifimesacfotenEesiiltangocomposhee m@wtwmmn@wepar ts

fromthe convemtifalzed whllenaeae&mﬁlﬁecaﬁéiIde@f@'édbtfnbbhhyﬁ{;raf%' n Fig.
1in that applle(? iu%rrcitcea%ttl Vgr(e)\\;grrlglgg corercarsllso(aifls o% h(leJ ruar:ltdlerlylngI ayers
magnetic layer, and preventing migration of ions from

20 underlying layers.

An embodiment of the present invention is
illustrated in Fig. 2, wherein elements similar to those
of the conventional wmagnetic recording illustrated in
Fig. 1 bear similar reference numerals. As shown in Fig.

25 2, substrate 10 is provided sequentially, on each side
thereof, with a Cr or Cr-alloy underlayer 11, 11’, and a
magnetic layer, such as a Co-base alloy layer 12, 12°
thereon, as in the Fig. 1 magnetic recording medium.
However, the magnetic recording medium in accordance with

30 the present invention departs from the conventional
magnetic recording medium illustrated in Fig. 1 ih that
the protective overcoat comprises a plurality of layers
20A, 20B and 20A’, 20B’, sequentially formed on magnetic
layer 12, 12'. A lubricant topcoat 14, 14’ is then

35 applied to the second carbon-containing protective
overcoat layer 20B, 20B’.



20A, “20B and W ?59\/03092(’08' sequentially fornmed on magnetic PCTYUSOH}813D

12'. ° A lubricant topcoat 14, 14' is than 35 applied to the second
carbon-containing protective overcoat |ayer 20B, 20B'.
WD 99/ 03099 The present invention prov1des apﬁﬁgide_n’./clEréabrdlng

11 esent_invention .provi g éi .magnetic r 8
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t hi ckness is ac | eve e strategic se ectlon 0 ual
protective oVR¥RHRELi¥gcPEe¥eraptithz2Gthds reduceder albloumeliD@Arrance of

the conposite; Pgo! eel.igVe ONGACRR - about 70AF0" AW § xtBé:ﬂ{
carbon, capable of prg//entl ng corrosion of the un ecﬁgi ng magnetlc

| ayer and i orBiflepess  is aﬁhlﬁi’ﬁﬁfs BY ofPEnREFIFeFLE aﬁeﬂl@qté-qrhl ofally
f or mexb on 15 :Lndlvitﬁl@alfﬁgﬁir@tb@th@)éerovel/t\:dzi'ﬁ nléf‘é!fé eb %@Pﬂhféé" gREbon or

anor phous car bon rideis a d to the | ayer o hydr ogenat ed

carbon to ena%Y%r%le efé’%ﬁzlp o‘f‘ %com9031tes85§§&G§ﬁMey°’dﬁ§FPé'él

| ubri cant Iamertexaudslleyehpdﬁbgem&ded carbonJ U@ép&l@l‘é é@pﬁﬁéﬁ?w%ﬁ&n%s of
uctivity, of the

about 5A to di_tion
i nvgnt i ve co?rgj;%fs%?&& o t%‘e oY éﬁ \}:5191)5'8988590 gagﬁyaﬂf’gg LFERY1aBout
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A -Mp=all oy syhst t t p 2 res uentlally
provided with spuﬁﬁﬁ% glsaﬁfgw A R ﬁgygr & gra%ﬁ?gmﬁ ’ér‘?’éyer and
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Yy app 'ied lubricant layer to achieve a desired

lubricant topcoat thickness of about 5& to about 15i&. In

20 addition, the conductivity of the inventive composite
protective overcoat is advantageously about 10°%°Q to

about 107*Q .

EXAMPLES
Three Al-Mg alloy substrates plated with amorphous
25 NiP were sequentially provided with sputter deposited
layers of a Cr-alloy underlayer and a Co-base alloy
magnetic layer.

Sample 1 was provided with a hydrogenated carbon

protective overcoat containing about 15 at.$% to about 35
30 at.% hydrogen at a thickness of about 150A.

Sample 2 was provided with a layer of hydrogenated
carbon having a hydrogen concentration of about 20 at.%
to about 30 at.% at a thickness of about 50A. A layer of
graphitic carbon, having a thickness of about 100A&, was

35 sputter deposited in argon on the hydrogenated carbon

T 1y i et -



Sample 2 was provided with a | ayer of hydrogenated carbon having a -

hydr ogen concentration of about- 20 at-. % to about 30 ar. % at a
t hi ckness oVOfB@IWIS0A. A | ayer of graphi tic car bon, PGAUINGSRR1
thi ckness of about 100A, was 35 étter deposited in argon on the
hydr ogenat ed car bon WO 99/ 63099

PCT/ US97/ 18121 Testi ng
reveal ed t hat2¥ghpl e TSSEIRPLFEYGRJPAg&RAt Sampls sze SiRited ﬁh‘i | ower
t han that ofn&hsgl ebdutind-4 tlmesmhstmttmmythatgbf Garrglliel i X yandi . e.

perter Wearsubs’tantggiia)gr '1%?1 t&ﬂ%ﬁﬁ.@f and Etao salSitE e? Lﬁpe%](_;ant

topcoat | ayer was a
subst anti al Igerffermmecohblamlmle 1. Testing reveal ed that the

l'ubri gant tOpcoatAbQHgﬁgcéﬁt toPcoagaqag@rsz%d p1RiekNgs S pfp pbOYt  8A;

wher eas, the thi ckness 0 | cant tOpcoat onded%o Sanple 1
was 10 apoditeSample 2 under FHPFﬁéPttlééflynSh?e%%’a?e@%%?lft’%% stiction

measur ed Testnf@om%vGSied MU dt ) 1ﬁbf@§éﬁd t6§80a|&erﬂd1{danceo and

corrosion performance anp was co toat of Sanpl e
1; however, PREP %n(ﬁlcg?gl gglgﬁﬂﬁﬁé v % % 8k bB’g’Frf@[serr'fheV\hl l e
the conduct i uhigkméssmsﬁ)ltmellmlcant topboalt kidiiidaed Jto saapflleel2wadavi ng a
conpfgl te profec EIXE overcoat thickness of about 150a is

particul arly Suitable for non-proximty applications, i.e., a head
di sk int erface of Farvherotesting xpwsalad that the stichiohayeaswefednor phous

car bon nitriﬁfom h@gsng 2ne ud.'l. %t hickogss ofc§% Eﬁ%aw 1 depgﬁated on

Sample 3 wit about dr ogenat e dro en
concentrati oﬂomoab@mp%f%xm%%%ﬁo atnpée Atwag compgrable “to tlBOS%xhl bi t ed

effective cgfrggmﬁme &eShmae%,- th@nd:o%'éluctlvaltgrnlaﬂ cs’:'en&;i% redyggd head
snear _Vvis-a-vis Sarrp osite

pr ot &Ctive BRI @ ! Wht"'l:ll?cl{ﬁé% CBPd’éSBbYlEXO%f |§a‘B% €i dul%@fy
suitabl e forabout 10p0Xki m Samabe! 2¢ahasingwkerdinpdditegatotikskivet erface

'S overcoat thickness of about 150A, is particularly
suitable for non-proximity applications, i.e., a head
disk interface of 1 microinch or greater.

20 A layer of amorphous carbon nitride, having a
thickness of about 50A, was deposited on Sample 3 with
about 60A hydrogenated carbon having a hydrogen
concentration of about 20 at.% to about 30 at.%. Sample
3 exhibited effective corrosion resistance,. and

25 significantly reduced head smear vis-a-vis Sample 1.
Sample 3, having a composite protective overcoat
thickness of about 1104, is particularly suitable for
proximity applications wherein the head disk interface is
less than about 1 microinch. |

30 The above testing demonstrates that a composite of
plural strategically selected and positioned layers of
different materials enables the use of a composite
protective overcoat having an overall thickness less than
the thickness of a single carbon-containing protective

35 overcoat while achieving superior performance. Thus, the
present invention enables the formation of a composite
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14 d &mﬁ&rstood that the invention is capable of use in
various other combinations and environmenté and is
15 capable of changes or modifications within the scope of

the inventive concept as expressed herein.




1. A magnetic recordi ng medi um conpri si ng: a first hydrogenated

carbon protggld vercoat; and ' a second protective e n the
flrst'pPoteggﬁ%%ﬁhgercoat, the second protective overcoat cﬁﬁwﬁﬁgﬂhﬁﬂ_
graphitic carbon. T 2. The gnetic recordi ng nmedi um accordi ng
to claim1, wherein: ' the first "protective overcoat has a hydrogen
concentration of about 5 at.%to abgﬂh%ﬁ% at. % . 3. The
magneti ¢ recordi ng medi um accor di ng im 2, wherein the first

protective coat has a hydrogen concentration of about 15 at.%to about 35
at. % 4. The magnetic recordi ng medi um according to claim1,
wherein the first_ and second protective overcoats have a conbi ned

t hi ckness of about-150A& ofMagetic recording wedjpm negmerieingcoadi ng

medi um accorgungilayéeted edrbyhetSntaining protder fvd SbvPrebeet éyenover coat
has a thi ckngss of, about 2QA e_second

bout 7bHA; \ t he
protective ova¥Ehatd¥ifd 2 ﬁf%gﬁgggu%‘f‘rg%‘b%g%ﬁ’ttd’ ghcue Fopferent

electrical conductivity.

2. The magnetic recording medium according to claim
1, comprising: '
a first hydrogenated carbon protective overcoat; and
a second protective overcoat on the first protective
5 overcoat, the second protective overcoat comprising a
member selected from the group consisting of graphitic

carbon and amorphous carbon nitride.

3. The magnetic recording medium according to claim
2, wherein:

the first protective overcoat has a hydrogen
concentration of about 5 at.% to about 40 at.%.

4. The magnetic recording medium according to claim
3, wherein the first protective overcoat has a hydrogen
concentration of about 15 at.% to about 35 at.%.

5. The magnetic recording medium according to claim
2, wherein the second protective overcoat comprises
amorphous carbon nitride having a nitrogen:hydrogen
concentration ratio of about 5:20 to about 30:0.

6. The magnetic recording medium according to claim
2, wherein the first and second protective overcoats have
a combined thickness of about 150A or less.

7. The magnetic recording medium according to claim
6, wherein:

THIS SHEET 1iAS BEEN
e REPLACED

This Sheey Has Beep,

i “ LT




15. . - 6 WO 9%BW npgnetic recordi ng medi um according to clBEMA R ei n
the .first and second protective over cogts have a conbi ned thi ckness of
about 50A to about 75A 7 The magnetic recordi ng nmedi um

according to cl ai i Q. N | I gt tecti e has a
t hi ckness of about .Afﬁétgbgﬁ?tgﬁx}vgn%%r@oa% }ﬁ% geté%l\é kgl\ré%tsec i ve
over coat has aboutti Aodeds dbaboSAM5Aa0D about 55A 8. The

magnetgi ¢ recor di ng edidUBAE GHFGE 88t § Pe CbRELLIaLORRE & iickness off _
non- magneti ¢ substrat.,e; at, | east one underlayer on the non-nmagnetic
substrate; . about SEAtgh&Ruy ARA- on the underl ayer; the first
protective overcoat on the nagnetic |ayer; the second protective
overcoat on the first_protective overcoat: and. .l ubricant, topcoat
bonded o the secdnd BRBUBIRYEL S AAATH. e B4R RREordEBHN FRi: | ve
over coat exhig)i whegedat ehebfitabidrd welcondhprbubet iastotepeoat sthmre t he
first protective overc s : e .nmagnet|.c ordi ng nmedi um
accordi ng to%lcﬁ"ﬁﬁ%{ecﬁﬁgﬁq]ﬁ?ﬁ%e oq L%?C?‘ttar‘ﬁ-mt &?c%gimhtasﬁ?t hi ckness of
about 10A to about® 25A.
9. The magnetic recording medium according to claim
8, wherein:
the first protective overcoat has a thickness of
about 20A to about 30A; and |
5 the second protective overcoat has a thickness of

about 45A to about 55A.

10. The magnetic recording medium according to
claim 2, cowmprising:

a non-magnetic substrate;

at least one underlayer on the non-magnetic

5 substrate;

a magnetic layer on the underlayer;

the first protective overcoat on the magnetic layer;

the second protective overcoat on the first
protective overcoat; and

10 a lubricant topcoat bonded to the second protective
overcoat.
11. The magnetic recording medium according to

claim 10, wherein the lubricant topcoat has a thickness
of about 10A to about 25A.

12. A magnetic recording medium, comprising:

a non-magnetic substrate;

at least one underlayer on the non-magnetic
substrate; '

THIS SHEET HAS BEEM
REPLACED

—————— ..

m%@me re
i




10. The magnetic recordi ng medi um conpri sing:

16 at least one underlayer on the non-nmagnetic substrate; a

magneti c | M@99/0309% he under | ayer; a first protecti vBCHYSYESR! on

the. magnetic-layer, the fiirst protective overcoat conprising hydrogenated

carbon having a hydrogen concentrati om®f about 5at.%to about 40at . %

a second protective overcoaﬁ on_the %Frst grogective overcoat, the second
iR FcUBarh

prot&ctive over c8al288fhtCsi-AYSYr SBn PP 1R RY<hAd a | ubricant

topcoat on the secdndspr pretectéveververvabatwbher the tmhgnetdondayproet ective

P ree % of Sh (e Rbepr0eIa0! lohvakcr e "ol o 30 nyaReaghatll (1
10, wher ei ncebon; havipg R dutdnpgen ¢onceat TRE4OR Af bRk T dvedntPati on of
about 15 at g¥s,@ abouk .35 at. % 12. The magnetic recording

medi_.um according to claiim 10, wherein the first aﬁ second, protective

ovel@oat s have a2cBREPREPIMIHNE CYRTLOG OR5ghe Hirst protective

overcoat, the second protective overcoat comprising a
member selected from the group consisting of graphitic
carbon and amorphous carbon nitride; and

a lubricant topcoat on the second protective

15 overcoat.

13. The method according to claim 11, wherein the
first protective overcoat has a hydrogen concentration of
about 15 at.% to about 35 at.%.

14. | The magnetic recording medium according to
claim 12, wherein the second protective overcoat
comprises amorphous carbon nitride having a
nitrogen:hydrogen concentration ratio of about 5:20 to

5 about 30:0.

15. The magnetic recording medium according to
claim 12, wherein the first and second protective
overcoats have a combined thickness of about 150A or

less.

16. The wmagnetic recording medium according to
claim 15, wherein: .
the first protective overcoat has a thickness of
about 20A to about 75A; and
5 the second protective overcoat has a thickness of
about 55A to about 75A.
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| ess. 13. The magnetic recordi ng medi umaccording to claim 12,

wher ei n: b€ first protective overcoat has a thi ckngsgyugdrnapqut 20A
t o -about 18] ;99{'!1)?105 t he second protective overcoat has a thllcEiraless of
about 55A to“about 75A. - 17 17

14.  The magnetic recording nediumaccording to claim12, wherein the

conbi ned thicknesy of he fidgteat FecoPSiRg OMRALWPS MUESLARIGNRS 2

t hi ckness of _ about 50A to, abqut 75A 15 The magnetic

recordi ng nEd4PHM e cVRRTRAR Fhe sombined khbigkpess of the fi{gsy pagd

protective geebgdaprbdectivii ekeesdadl iabaybu20Bohotabavbud0AsAand
the second protective overcoat has a thickness of about 45A to about 55A

16. The magnetic recordi ng medi um according to claim 10, wherein the
t hi ckness of thellgubri Thet magpostiic | seadpding OheBduaboadtc@bding to

claim 17, wherein:
the first protective overcoat has a thickness of
about 20A to about 30A; and
5 the second protective overcoat has a thickness of
about 45A to about 55A.

19. The magnetic recording medium according to
claim 12, wherein the thickness of the lubricant topcoat
is about 10A to about 25A.
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